INTRODUCTION
Splenectomy was a widely used procedure for treatment of some diseases like hypersplenism. thalassemia major. Hodgkin disease, ect.... (Poulin et aI., 1998) . Moreover. it was commonly considered as a life saving technique in traumatic splenic hemorrhage and hemorrhage resulting from portal hypertension (Mishin and Ghidirim, 2004 ). However, nonsurgical management was favored because of morbidity related to laparotomy and splenectomy (Bader et aI., 2001). Therefore. Han et al. (1997) , Sackrider et al. (2001) and Wahl et al. (2004) thought that splenic artery embolization could be performed preoperatively or as an alternative to surgery to obtain partial or total organ ablation. However, Inagawa et al. (2004) pointed out that in every embolization procedure, inadvertent passage of embolic material to the vessels of non-target organs was the most dangerous complication. In splenic artery embolization, this complication may occur in one or more of the pancreatic branches of the splenic artery causing pancreatitis (Rose et aI., 1998) . The left part and the tail of the pancreas are specifically concerned with this complication as the splenic artery is the only source of its arterial supply (Pandey et aI., 2004) . Although the embolic material may involve the gastric branches of the splenic artery, yet the extensive anastomosis and collateralization between short gastric and left gastroepiploic arteries with the rest of gastric arterial supply assure sufficient blood supply to the stomach (Vandamme and Bonte, 1988) Consequently, Harned et at, (1998) and Kimura et al. ( 2003) preferred the selective or partial splenic embolization where one or two branches of the splenic artery were involved, especially where a false aneurysm or frank extravasation could be shown to arise from a discrete source. This could be explained by Palsson et al, (2003) who assumed that partial embolization reduced the incidence of complications following splenic artery embolization, which included splenic infarction. rupture. abscess, sepsis and inadvertent non-target embolization. This latter complication was particularly recorded in the pancreas with high incidence of pancreatitis. Obviously, to avoid this potentially life-threatening complication, an attempt knowledge of the vascular anatomy of the splenic artery and its branches is required. Of particular importance is the exact anatonucal ort-gin of the last pancreatic branch from the splenic artery, since the tip of the microcatheter should be distal to this origin to achieve a safe embolization to the splenic artery.
Therefore, it became the aim of the present study to measure the distance between the last pancreatic branch and the splenic hilum in cadavers as well as on angiograms performed to living subjects in order to define a safe region through which partial splenic embolization can be performed.
MATERIALS AND METHODS
Twenty-two dissecting room cadaveric specimens and twenty-nine splenic angiographies were studied. The cadavers included were fourteen males and eight females. Their abdomens were opened and the lesser omentum was removed. The coeliac trunk with its branches were identified and dissected. Then the vessels in the gastrosplenic ligament to the hilum of the spleen were identified and followed and the left gastroepiploic artery was followed through the greater curvature of stomach. The stomach was reflected upward by cutting through the line of attachment of the greater omentum to the pancreas. Consequently, the anterior surface of the pancreas was exposed and its limits were defined. Next, the tail of pancreas was lifted away from spleen and its body was eased from the posterior abdominal wall. Then. the tail and body of pancreas were turned to the right stripping the splenic artery with its branches passing to the gland which were carefully identified and dissected. All other surrounding vessels, together with the bile duct, were defined and divided. Finally, the pancreas, the splenic artery with all its pancreatic branches, the stomach and the spleen were removed in one piece. The distance between the last pancreatic branch of the splenic artery and the hilum of the spleen was measured.
For radiological evaluation, selective splenic arteriography of twentytwo patients (thirteen males and sixteen females aging from 34-67 years) was done in Jordanian University Hospital. These patients were referred to the radiology department requesting femoral artery catheterization and aortic angiography for variable indications (nine females were with lower gastrointestinal bleeding, seven females and two males were hypertensive suspecting renal artery stenosis and eleven males with peripheral arterial diseases). During the processing of each catheterization, the splenic artery was selectively catheterized. All patients signed informed consent. An amount of 10-20 ml of Ultravest contrast media (370mg/ml) was injected in the proximal part of the splenic artery. Video recording and image analysis were done using Philips Inturis suite lite computer soft ware. In all angiographies, the straight distance between the origin of the last pancreatic branch of the splenic artery and the splenic hilum was recorded and compared with the cadaveric measurements.
RESULTS
In the anatomical measurements of the cadaveric specimens, the average of the straight distance between the origin of the last pancreatic branch and the splenic hilum was 31.8 mm ± 5.3 (table 1: figs. 1, 2). On selective angiograms' measurements, the average of the straight distance between the origin of the last pancreatic branch and the splenic hilum was 32.4 mm ± 5.5 (table 2; figs. 3, 4, 5). The shortest distance recorded was 21 mm and 19 rnm in cadaveric specimens and angiograms respectively. In all cadaveric specimens, the splenic artery appeared to be slightly tortuous (figs. 1, 2). However, marked variation of the splenic artery tortuosity was noticed in the angiograms. Highly tortuous splenic artery was noticed in 14 angiograms belonging to six males and eight females ( fig. 3 ). Minimal tortuosity was apparent in nine angiograms belonging to five males and four females ( fig. 5 ). On the other hand, six angiograms done for two males and four females showed straight splenic artery ( fig. 4) . In three cadaveric specimens, the left gastroepiploic artery originated from the splenic artery before the last pancreatic branch ( fig. 1 ) and in the rest of the cadavers, it originated near the splenic hilum ( fig. 2 ). On the other hand, out of the twenty-nine patients to whom the angiogram was performed, four cases showed the left gastroepiploic artery originated proximal to the last pancreatic branch of the splenic artery ( fig. 4 ).
DISCUSSiON
Partial splenic artery embolization has been highly evaluated and recommended since the 1990s as the treatment of choice for hypersplenism, splenomegaly and hemorrhagic events (Shimizu et Moreno (2004) found that the most hazardous complication of this procedure was inadvertent passage of embolic material to the pancreatic branches of the splenic artery causing pancreatitis. Therefore, in the present work, the distance between the last pancreatic branch of the splenic artery and the splenic hilum was measured trying to define a safe region in which partial splenic embolization can be performed. In the current work, the average of this distance was 31.8 mm in twenty-two cadavers and 32.4 mm on twenty-nine angiograms. The results of the present study demonstrated clearly that this distance was variable a point not recognized in several current anatomy books. The shortest distance found in this study was 21 mm in cadavers and 19 mm on angiograms. Consequently, to avoid pancreatitis, the present study recommended embolization to be done in the distal 19 mm of the splenic artery. Previously, in order to avoid pancreatitis, Rose et al. (1998) performed temporary splenic artery balloon occlusion for protection of nonsplenic vascular beds, like pancreatic branches, during splenic embolization. Despite meticulous attention ------------. ------------------- The left gastroepiploic artery (G) arises from the splenic artery near the hilum. ) and that of the present study (19mm), might explain the occurrence of pancreatitis in the study of the former authors who obviously did not exclude all the pancreatic branches. Therefore, it could be assumed that the safe distance through which the embolic material should be injected in the splenic artery to avoid pancreatitis was more accurately reported by the present study through performing measurements on a wider scale exceeding double the samples of Sindel et at. (2001) who studied only ten cadavers and twelve angiograms.
The average of the cadaveric measurements in the current study was lower than that of the arteriographic measurements. This could be explained by slight tissue shrinkage produced by formalin fixation in cadavers (Larsen et at., 2003) . Vandamme and Bonte (1986) described the splenic artery to be composed of four anatomical divisions, including suprapancreatic, pancreatic, prepancreatic and prehilar segments. Moreover, Waizer et al. (1989) reported the lengths of these splenic arterial segments to be 2.5, 10.5,2.5 and 1.5 em respectively. Accordingly, as the present study found the last pancreatic branch to arise 31.8 ± 5.3 mm from the splenic hilum in cadavers and 32.4 ± 5.5 mm on angiograms, it could be assumed that the last pancreatic branch originated from the prepancreatic segment of the splenic artery.
In addition, this work found variations in the splenic artery tortuosity specially, on angiograms, although in cadavers the splenic artery was nearly tortuous in all the specimens. On the contrary, Barley et al. (1995) described marked variation in tortuosity of this artery in both cadavers and angiograms with no correlation to sex difference. Sylvester et al. (1995) suggested increasing tortuosity of the splenic artery with age. This could explain the tortuosity found in all cadaveric specimens in the present study as they usually represented an elderly group. On the other hand, variability in the tortuosity recorded on angiograms could be referred to the variation of the age of the patients included in this study.
The left gastroepiploic artery was known to arise from the distal portion of the splenic artery near the splenic hilum (Vandamme and Bonte, 1986). This was also recorded in the majority of the samples included in the current work. However, in a minority of cases (three cadavers and four angiograms) in the present study, the left gastroepiploic artery was seen to arise from the splenic artery proximal to the last pancreatic branch. This could explain the occurrence of pancreatitis in patients to whom identification of the safe site to perform partial splenic embolization depended on the location of the left gastroepiploic artery being distal to the last pancreatic branch near the hilum (Sakai et al., 2002) . Unfortunately, missing the cases where this artery originated proximal to the last pancreatic branch involved embolization of this branch and pancreatitis. Consequently safety of the procedure should depend on the exact anatomical location of the last pancreatic branch rather than the left gastroepiploic artery.
In conclusion, this study might assume that in order to achieve a safe splenic embolization and avoid the risk of pancreatitis, embolic materials should be delivered through a catheter whose tip is located in the distal 19 mm of the splenic artery.
SUMMARY
Recently, partial splenic artery embolization has been highly evaluated as an alternative to splenectomy to obtain organ ablation. Pancreatitis was recorded to be the most dangerous complication of this procedure.
This could be referred to the inadvertent passage of the embolic material through the pancreatic branches of the splenic artery. Therefore, the purpose of the present study was to provide an accurate measurement of the distance between the last pancreatic branch of the splenic artery and the splenic hilum through which a safe embolization could be performed. In the present work, this distance was measured in 22 cadavers of both sexes to whom careful dissection of the splenic artery and its pancreatic branches was done. In addition, this distance was also recorded in selective splenic arteriography done for 29 living subjects of both sexes. The mean and standard deviation were calculated and compared between cadaveric specimens and angiograms. The smallest distance recorded was 19mm. It could be concluded that in order to achieve a safe splenic artery embolization and avoid the risk of pancreatitis, embolic material should be delivered through a catheter whose tip is located in the distal 19mm of the splenic artery.
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